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By Bernard Weinflash 

Preliminary  tests  were made in order  to determine the effect of 

forced  ventilation on the  hydrodynamic  characteristics of a -- I size 

model of a s t r e m l l n e  fuselage of a hypothetical  transonic  airplane. 
This  forced  ventilation  consisted  of  air  ejected at about 300 feet  per 
second  through smaU orifices  distributed over t h e  fuselage bottom  in 
a series of patterns simulating chines  or  multiple  steps. 

12 

Free-t-trim  tests  were  made at speeds  up to 60 feet  per  second 
wfth  the  load on the  water  varied with speed. Data are  presented  on 
the  resistance, trim, and effective hydrodynamic lift for the basic 
model  and  for  each of the  jet  configurations. 

Without  Jets  the  resistance of the  basic  model w a s  very large. 
All of the Jet configurations  resulted in  imprwements in  the hydrc+ 
dynamic  performance of the model, especially at the  higher  speeds. 
The chine  canfigurations  generally gave better  results  than  the  multiple 
step  configurations. 

The best  results  were  obtained  with  the Jet c~nfiguratione 
eimulating 450 chines, 60° chines, and multiple forward V-&,eps. At 
on&df the assumed "off speed,  the 45O chlnes reduced  the  reais- 
tance of the  streamline body from 15.7 pounds  to 3.7 pounds  and  increased 
the  effective  hydrodynamic  lift  from 0.9 pound to 4.3 p O W d E .  

The  amount of air  required to effect  the  improvemants in  the hydro- 

dynamic  characteristics of the streamline body was approximately 7L per- 
cent of the air f l o w  through  the  compressor of the  hypothetical  airplane. 
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In order  to  achieve  minimum  aerodynamic drag most  airplanes 
designed  to  fly  at  transonic  speeds  are  constructed  with fuselages 
having  circular or oval  cross  sections.  Unfortunately,  such  sections 
in a seaplane  hull  make  it  inefficient  From  the  standpoint of hydro- 
dynamic performance.  Whsn a hull having a circular or oval  cross 
ssction  moves a long  a water  surface  at Mgh speeds,  the  water flowing 
up around the  convex  bottom w d  sides of the  hull  creates a suction 
force  which  keeps  the h u l l  low  in  the  water and thm came8 a large 
hydrodynamic  resistance  which  increases  rapidly  with  speed. The 
existence of such a suction  force has already been  demonskated by a 
number of earlier  investigators  (referances I and 2). 

One method of providing a means by which  streamline  bodies  can 
be used for  water-based  airplanes is given in reference 3 .  Another 
possibility  is  the  suggestion  of Mr. Grover C. Loening,  made  at  the 
1946 meeting  of  the NACA subcolmnfttee on eeaplanes,  that  forced  ventila- 
tion t hough  emall orifices,  distributed over the fuselage bottom in 
patterns  eilmilating  steps  or  chinee,  might  sufficiently  reduce  the 
suction  forces  to  bring  the  hydrodynamic  resistance of such a stream- 
line body down to a reasonable  figure. He also suggested that  enough 
air fo r  t h i s  purpose  might be obtained by temporarily  diverting a small 
percentage of the  air passing through  the  turbojet  compressors. In 
order  to  determine  the  feaeibility of Mr. Loaning’s  idea, a preliminary 
investigation  has  been  made of the  effect  of  several  simple Jet  configma- 
tions,  simulating  steps or chines, on the  hydrodynamic  resistance,  lift, 
and  trim of a model of a typical himpeed fuselage. 

The model, designated  Langley  tank  model 229A, was a -- size  model 
of  the  fuselage  of  the  hypothetical  hig-peed airplme described in 
reference 4. The  principal  dimensions and characteristics of the  model 
are  given  in  figure 1. For canvenisnce of reference,  distances from 
the  nose  measured along the  center  line are designated  as  stations. 
Offsets  of  the  fuselage are given in table I. The model had a fineness 
ratio of 8.44, a volume of 585 cubic  inches, and weighed  about 15.7 
pounds. 
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A n  open  brass box w a s  inserted  into  the  top  of  the  model  to  keep 
the  model  airtight  and  yet  allow  it to trim  about  its low center  of 
gravity. Two hundred  and  sixty-four  stainless-eteel  tubes (0.026 inch 
inside  diameter)  were Inserted into  the  bottom of the  model  approxinately 
normal to  the  surface  at  locations  shown  in  figure 2. The outer  ends of 
all  the  tubes  were  flush  with  the  outer  surface of the  model and, except 
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when  being  used  in a particular Jet conffguration,  were  kept  plugged, 
Representative  chine  and dtiple-step  config~ations are  shown  in 
figure 3. All t h e  Jet patterns  tested a r e  listed fn table 11. 

The tests  were  conducted in Langley tank no. 2. The model waa 
arranged  on  the  staff of the towing gear  as shown in figure 4. The 
model  was  supported at the  center of gravity  and  towed  free to rise 
and  free to trim up to about 20°. A dashpot was used  to damp out 
oscillations in trim. 

In all of the  simple  chine or multipl-tep  configurations, JC 1 to 
JC 8, the  flow of  air  used  was  about 0.008 pound per seed with a Jet 
velocity of about 300 feet  per  second. For the  configuration JC 9 which 
was a collibination of 45O chines  and  forward  V-steps,  the air flow 
wa8 0.016 pound per second. The configuration  with all jets opened, 
3c 10, was  tested  with air flows of  both 0.008 and 0.016 pound per 
second. Air was supplied to the model f r o m  a hlgh-gressure air bottle 
equipped with 8 regulator, and a calibrated  venturi  tube was used  to 
neasure  the  air  flow. 

The load on the  water was varied  with  speed assuming a constant 
aerodpamfc lfft  coefficient f o r  the  hypothetical  airplane. For each 
Jet configuration  measurements  were  taken of resistance,  trim,  and  rfse 
at  constant  speeds  up  to 60 feet  per  second  except  where  the  trend of 
the  data  indicated  that  further  measurements  would  prove of little  value. 

Only approximate values of resistance  were  determined in  the 
speed  range  between 60 feet  per  second  and  the  assumed  take-off  speed 
of 70 feet  per  second,  because at these speeds practically all of  the 
model  was  out  of t h e  water and  slight  variations in wetted  surface 
caused  the  readlngs  to  become  quite  erratfc. The approximate  values 
f o r  each of the  better  configurations,  however,  were  definitely less 
than the maximum resistance  measured  below 60 feet  per  second. 

RESULTS AND DIS(SUSS1ON 

The results  obtained  with the  various Jet configuratfon8 as  well 
as comgmisollEl of these  results a r e  given in figures 5 to 17. A 
description of each of these  configurations is given in table 11. 
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The resistance of the  basic mdel (fig. 5) rose rapidly with speed, 
increasing t o  19.5 pounds a t  40 f ee t  per second w i t h  no indication of aqy 
reduction in the  ra te  of increase. Measurements at higher speeds with the 
basic model were considered unwarranted in  view of the  alterations in the 
tes t ing gear that would have been required. 

As shown in figure 10, the resistances for dl of the varioue chlne 
configurationa were about the 882118 as that for the basic model up t o  about 
15 feet per second. Above this speed, the  resletance  obtained with each 
configuration xafl reduced as tha s h u l a t e d  chines were placed at greater 
angles fram the keel line, end reached a minimum at the 45O location for 
whfchthe  resistance did not exceed 4.6pounda. When the Jet  chines were 
moved t o  60°, the  resistance was generally sawwhat higher reaching a 
maxhnnn of 4.9 pounQs for the take-off  speed range. 

The resistances  for  the  three  multiple-etep  configurations were also 
the same aa fo r  the basic model up t o   a b o h  15 feet per second ( f i g .  14). 
Above this speed, the lawest resistance xa8 obtained w i t h  the forward V- 
steps. The aft V-steps configuration appeared t o  be slightly better  than 
the straight+%crosd steps. The maximum resistaMe with the forward Vdteps 
was 4.9 pound.0.9 w i t h  the aft Vdteps waa 5.3 pour&; and with the straight- 
across steps vas 5.9 p0und.s. 

J 
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It is  interesting t o  note the close similfcritq in results obtained with 
the , 4 5 O  chine  configuration and the best of the rmrltiple-4xp  configurations 
(fig.  15) . up t o  40 feet per second, the redtance curves for these two 
quite dissimilar configurations were practicalJy  identical. Above 40 feet  
per second, the 45O chines were slight* better than the multiple forward 
V-steps . 

When these two configurationa were combined, t h e  results obtained 
(fig.  16) were not  better  than those obtainea by running t h e m  ladlvidually, 
even though twice  as much a i r  was used for the ccmibination. 

The resul ts  with all of h j e t e  unplugged are sham in figure 17. 
When t h e   a i r  fluw of 0.016 pound per second XBB wed, the resistance 
at t h e   i n t e e d i a t e  speeds X ~ E  appreciably m e r  than for  the best of the 
simple configurations. A t  higher speeds, however, the resistance w m  not 
appreciab- different f r a a  the resul ts  obtained with the better simple 

additional amount of a l r  that would have to be used or  the m e  camplicated 
construction that would be required. 

configurations. .The m e w  improVamezrt was,not emugh t o  warrazlt the 

Since the slope  of the resistance curve for the bmic  model i B  much 
steeper  than that for m y  of the Jet configuratlona, the reduction Ln 
resistme effected by the  "e of the Jets inoreased rapidly with speed. 
A+ 35 fee t  per sec'ond, which was one-balf' the assumed take-off speed, 
the resistance of the model f o r  most of the Jet  configurations was only 
about 25 percent of the resistance of the  basic model. 
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Appreciable  differences  exieted, however, mng the results obtained 
w i t h  the simple jet Configurations.  For example, at 35 feet   per second, 
the  resistance of 3.7 pounds us- 45O chines  (fig. 8) was about 20 per- 
cent  less  than  the  resistance of 4.6 pounds ming 30° chines  (fig. 7). 
This represents a difference in  resistance of 15% pounds, full  size. The 
best of the  shple  Jet   configurations were the 45O chines,  the 60° chines, 
and the forward V-steps. In general, the  chine  configurations gave 
better  results  than  the  step  configurations. 

The maximum resistances f o r  even the bet ter  jet configurations 
occurred at the upper end of t @  speed  range, near take-off speed, where 
the load on the  water was very mdl. This  result is quite  different 
from the  results  obtained with conventional  flyingdoat hulls where the 
resistance  reaches a maxlmm in the lower part of the speed  range and 
then  decreases 88 the  speed ie increased t o  take-off. This fa i lure  of 
the  resistance t o  decreaae with increasing  speed in the phdw range 
could  probably be overnome by flarther research. 

Effective lQrd2?odyn€unic Lift 

Effective wdrodgnsmfc lift L is defined as the  difference between 
the t o t a l  lift at a given speed and the  hydrostatic lift of the model 
at the 8- trim and r ise .  This 11ft was calculated  for each  speed by 
subtracting f r o m  the  load on the  water  the static buoyancy corresponding 
t o  the immersed  volume of the lnodel at the tr im and rise measured at 
that speed. 

Effective hydrodynamic lift WBB plotted  rather than the more 
conventional r i s e  because it w m  believed t o  be more inforplative as t o  
the  results  obtained.  For example, a caparison between the  load on the 
water A and the  effective by&?odynmic lift denonslxates the efficiency 
of the jets in  reducing the suction  forces. Then, too, for t h i s  pertic+ 
lar type of hull the  hydrostatic lift remains an appreciable part of 
t he   t o t a l  up t o  much higher speeds  than is the  case for the ConventionaL 
flying  boat OT seaplane. Thw, the   ra t io  of effective  hydrodpmnic lift 
t o  resistance L/CR i e  a more fundamental measure of phning efficiency 
than the r a t i o  of load on the  water to   res is tance AB. The r a t i o  L/R 
permits a direct comparison between the desirable ver t ica l  crslponent  and 
the undesirable  horfzontal comgonent of the bydrodpmmic forces  acting 
on the hull. 

A t  speeds up t o  about 15 f ee t  per second, the ver t ica l  cnmponent of 
the planing force was insuff ic ient   to   overcam  the  ver t ical   capnent  of 
the hydrodynamic suction  forces and L W&B therefore  negative with or 
without jets. The variations in the shapes of the lift curves in this 
laz-speed  range were partly hue t o  differences i n  wave patterns around 
the hull. A t  higher speeds, the  shapes of the l i f t  c m e s   f o r   t h e  
different  jet  configurations became  more W o r m .  
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With increasing speed, the suction  forces on the  basic made1 grew 
larger almost as rapidly as the  l if t ing  forces,   the  effective hydrodymmk 
lift reaching.a maximum of only 1 pound. In contrast to th i s ,  the w e  of 
any of the  Jet  configurations  diverted  the  transverse flow of water up 
around the  sides of the model and thus  greatly  reduced  the  suction 
forces. The effective bydroaynamic lift increased  rapidly  with speed, 
and, f o r  most of the Jet  configurations,  reached a maxFmum value of 
about 4 pounds a t  35 fee t  per second. A t  t h i s  speed, the w e  of the 45O 
Je t  chines  increased  the  effective hydrodynamic lift from 0.9 pound t o  
4.3  pounds. Above th i s  epeed, the l i f t  curve  gradually approached the 
curve for load on the water which is, of course, the upper lWt of the 
l i f t  curve. 

The effective hydrodynamic lift f o r  most of the Jet  patterns  did 
not vary ~ E I  much 88 the  resistance a t  speeds above 15 feet per second. 
Evidently, while most of the- Jet  configurations produced about the same 
effective hydrodynamic lift a t  a given speed, the  differences in trim 

, and wetted  areas  for the vqious  pat terns  were suff ic ient   to   cawe  qui te  
appreciable changes i n  reeistance. As a resul t ,  each Jet  configuration 
caused the  streamline body t o  simulate a planing  surface of a different 
degree of efficiency, L/k. 

A comparison between the curves of L/R and the curves of A/R of 
the baa i c  model and the 45' chine configuration is made Fn figure 18. Up 
t o  about 15 f e e t  per second, the  curves of A were identical  with and 
without  jets,  but the curve of L/R for  the t o  5 jet configuration w a s  
definitely  higher  than that for  the  basic model. This shows that at 
these lower  speeds, the use of jets had already increased the planing 
lift, but had not  yet  affected  the  resietance. A t  higher  speeds, the 
Jets  affected the resistance as well as the dynamic lift and both the 
curves of L/h and the  curves of A/R shared defini te  Improvement of 
the  Jet  configuration mer the basic model. 

The efficiency  for even the best of the Jet  patterns 88 defined b 
ei ther  L P  or A/R was s t i l l  quite low. For example, the r a t i o  L$ 
for  the 450 chine  configuration was  about 1.1 at 35 fee t  per second and 
the   ra t io  A D  at t h i s  speed was about 1.5. This is appreciably lower 

than the r a t i o  A B  of about 5.0 for  a converrtional, 22k0 dead-rise 

planing  surface at its best trim. It should be  remembered,  however, 
that the 4 5 O  chine  configuration would probably  give be t te r   resu l t s  i f  
it were also run at i t s  best trIm. Further increase in   eff ic iency 
might be obtained by changes i n  Jet spacing, Je t  size, or  finenees 
r a t i o  of fuselage. 

2 
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The reduction in  suction forces caused br the use of a i r  jets is 
further shown when the trim tracks of any of the  jet configurations are 
compared with  those of the  basic model. 

With no jets (fig.  5 ) ,  the  model trimmed up sharply f r o m  5 O  a t  
15 feet   per second t o  18.60 at 17 feet per second and remained against 
the trim stops  (set  at about 20') from 25 feet per second on. 

The t r i m  t rack   for   the  15O chins configuration (f is. 6) rose t o  a 
peak of 12.3' a t  22 feet per second and dropped to 10.3 at 40 feet   per 
second. The trim track  for   the 6Uo chine  configuration  (fig. 9)  did not 
peak at all, but rose rather r a p i w  to 7 . 6 O  at 17 f e e t  per second and 
then gradually increased to 10.8~ at  60 feet per becond. The t r im  tracke 
of the other  jet  configurations were a ~ .  quite sfmi- (figs. 10 and I&), 
rising t o  a peak of about 90 at  approximately 20 feet per second and then 
decreasing t o  about 7 O  at speeds above 25 f e e t  per second. 

lRt?om visual  obsemation  (figs. 19 and 20), the center of pressure 
of the plan- forces   for  the jet  configurations was aft of the center of 
gravity for about the upper half of the speed range. Since the model 
w a s  supported free t o  trim at the cester of gravity, a purely  planing 
hydrodynamic lift force would have exerted a W4own moment and. caused 
the model t o   t r i m  much lower than it did. Eviderrtly, none of the je t  
configurations were successful in eliminating all the  suction  forces and 
some suction force remained t o   a c t  on the stern of the =del and give 
it a bow-up mament. 

The photographs i n  figure 19 give a visual  comparison between the 
basic model and the various jet configuratiom at 35 feet pe r  second. 
When no j e t s  were used, the model ploughed through the water w i t h  the  
&er half completely  sucked d e r ,  a large amount of spray was  pr+ 
jected forward, and a large sheet of spray waa thrown out t o   e i t h e r  
side. The spray pat tern f o r  the jet  configurations showed appreciable 
improvement when  comgared with the basic model. Most of the model 
planed along the  surface of the water with no forward Byray and the 
water streamed cleanly back  from the forward w a t e r  line with l i t t l e   s i d e  
spray- 

The photographs in figure X) show the   var ia t ion  in  spray pattern 
w i t h  speed for  both  the  basic model and the 450 chlne  configuration. A t  
any given speed, the amount of spray w i t h  jets w-as much less then wfthout 
jets, the improvement increasing with speed. An enlargement of one of  
these photographs is shown in figure 2 1 t o  bring out the outlines of one 
or two individual j e t H  interacting w i t h  the  water film. 
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The a i r  flow of 0.008 pound per second ueed in   the  simple chine 
or  jet  configurations (JC 1 t o  8) was  arbitrari ly  selected and is not 
necessmily the minimum amount of a i r  that could have been wed. Although 
the  effect of v w i n g  the air flow of a  particular  jet  configuration 
waa not included in the scope of this prel- investigation,  the 
results  obtained w i t h  the two ra tes  of air flow used when d l  j e t s  were 
open (fig. 17) indicated that there w a s  BORIS variation  in hydrodynamic 
performance w i t h  changes i n  air flow. 

Operating the model wlth a l l  j e t s  open alero proved t o  be appreciably 
less effective  than most of the s-lmple jet  configurations when the same 
air flow of 0.008 pound per second waa ued .  When twice this a i r  flow 
was uaed w i t h  all j e t s  open, the results obtained were practically  the 
881118 as far the 45O chine  configuration using an a l r  flaw of 0 . a  pound 
per second. 

The resul ts  obtained with the cambination of the forward V-eteps 
and 45' chines were no better than the  results  obtained by using either 
of these two configurations  separately even though twice  as much a i r  
was used fo r  the cambination. Evidently proper jet distribution is 
impofiarrt In securing optimum results. 

The air flow of 0.008 pound per second used in t h i s  pelimfnary 
investigation waa equivdent   to  4 pounds per second full s i z e .  The a i r  

hypothetical  atrplane would be about 55  pound^ per second at take-off 
speeds. Thus, t he   a i r  flow of 0.008 pound per second would be about 

7 1  percent of the atr passing t h o -  the intakes of the  hypothetical 

airplane. This method of scaling up the  effect of the air flow assumes 
that all forces  vary i n  the same w a ~  as the gravitational  forces, and 
it is possible that viscous and eurf'ace tension  forces may be of 
sufficient Importance to give an appreciable  scale  effect. 

flow through  the C-BBtX8 O f  the 3OO&pOund"thZWBt turbojet O f  the 

2 

The resul ts  of t h i s  preliminary investigation of the  effect  of 
higbvelocity  air  jets  sbmihting  chines or multiple  steps on the 
dynamic performance of a streamline fuselage lead  to  the following 
conclwiom. Although these conclusians are based solely on the results 
obtained  with  a s i n g l e  model, they are believed t o  be applicable t o  all 
streamline  bodies. 

1. The very high WodpEUllic  resistance of the streamline body was 
greatly reduced when air WBB ejected at high velocity through certain 
patterns of fine j e t s  fn the f'welage bottom. 

c 
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2. The effective hydrodynamic l i f t  of the slreamlin3,bod.y was 
appreciably  incremed by meam of these air jets. 

3. The w e  of these air jets caused the model t o  plane along the 
surface .of the  water at reasonable trima instead of ploughing half sub- 
merged through  the w a t e r  at excessively  high trims. 

4. None of the  jet  configurations completely elimbam-ied the suction 
forces. The residual  suction  forces  acted on the stern of the model 
causing  the model t o  t r im up somewhat. 

5. Boper jet dlstribution Waf3 important in securing optimum resu l t s  
with a given a i r  flow even though any of the Jet configurations  resulted 
in  a great improvement i n  the poor  hydralynamic  performance of the  basic 
model. 

6. The jet  configurations simulating chines generally gave better 
resul ts  than those  eimulating  multiple  steps. The best of the  simple 
jet  configurations were the ones sfmulatin6 chine3 at 45O, chines at 60°, 
and multiple forward  V-steps . 

7. The amount of air required t o  effect  the improvement in the 
hydrodynamic perfomnance of the streamline body WBB a smal l  percentage 
of the air flow through the compressor of the   mothe t ica l   a - t rphm.  

Langley Aeronautical  Laboratory 
national Advisory Committee for Aeronautics 

Langley Field, Va. 
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Jet  configuration 
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x8 

I J C  6, JC 7, Jc 8 
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J c 9  

Jc 10 
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Description 

Basic nude1 - a l l  jets plugged 

Simulated chines at  15' 

Sinmlated chines at 30° 

Simulated chines at 30° 
(based on center of curvature) 

Shula ted  chines at 45O 

S " b d  chines at 60° 
Comparison of various  simulated 

chine  configurations 

S-ated multiple  steps - s t r a i m  
a c r o s ~  

Simulated  rmrltiple  steps - forward V 

Shula ted  multiple steps - aft  V 

Comparison of various s-ted 
multiple step configmat ione 

Comparison of 45' chines with 
multiple forward V-steps 

Comb inat ion of JC 4 and J C  7 

All j e t s  open 

Comparison of A/% and L D  for 
simulated  chines at 45O 
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Typical seations 

Figure 1. - Sketch of model 2 2 9 A  and typical aectiom . - 
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Figure 2. - Distribuelon of Jets. (Moael 229A.) 
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Jc4 JC 7 

Figme 3 .  - Bottom views of model showing tmical Jet  configurations. 
(Pins inserted to show location of jets. ) - v 
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.mgure 4. - Model 229A nmmted for testing. - 
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Figure 5 .  - HydroQnamic characteristics of model 229A with no j e t s .  
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Jet distribution - 52 j e ts  

Figme 6. - Hydrodynamic  characteristics of model 2298 with simuhted 
15' chines (JC 1) Air f l o w  = 0.008 pound per second, model s i z e .  
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Figure 7 .  - Compasri8on of hydrodynamic characteristics of model 229A with 
simulated 30' chines based on center line (JC 2) and on center of 
curvature (JC 3). Air flow = 0.008 pound per second, model s i z e .  - 
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Figure 10. - Colnparism of hydr0Qnaml.c characterist ice o f  model 229A 
when mdif ied by various simulated chine configurationa. 
Air f l o w  = 0.008 pound per. eecond, model eize . - 
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Figure 11. - ~ d r o d y m m i c  characteristics of mdel 229A w i t h  simukted 
straight steps (JC  6 ) .  Air flow = 0.008 pound per second, model 
s i z e .  7 
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Figure 12. - Eydrodynamic  characteristics of mdel 229A with simulated 
forward V-steps (JC 7). Air flow = 0.008 pound per second, model 
size. 
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Figure 14. - Comparison of hydrodynaslic characteri6tice of =del 2!29A 
when modified by various  aimiiated multiple step configurations. 
Air f l o w  = 0.008 pound per second, model size. - 
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Figure 15 - Coruparison of hydroaynamic  characteristics of model 229A 
with simulated 45O chines and multiple forward V-step. 
Air f l o w  = 0.008 pound per eecond., mdel s i z e .  - 
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Figure 16. - mdxodyna,mic ch8,mcteristice of  mdel 229A with simiiated 
cambtnation of  forward V-atepa  and 43O chines ( X  9). 
Air f l o w  s 0.016 pound per second, model s i z e .  
t 
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Figure 1-7. - m&odYnmnic characteristics of mdel 22gA with all jets 
open (JC 1D 1, comparing the effects of 0.008 pmnd per aecond 
and 0.016 pound per secmd air f low.  
II 
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Figure 18.- Comparison of lift-resistance  ratio and of load-reaiatance 
ratio between 45O chines jet canfiguration (JC 4) and the basic 
model with no jets. It 
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'Figure 19.- Comparison of spray characteristice at 35 feet per second. - 
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